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1 Concatenation of Hourly -X Files 

Sincc  the  beginnjng of h c  IGS in 1992 daily RTNEX obscrvation  files %e used to 
generate  most of the f ind  TGS products (IGS satellite  orbits, Ear& rotation  parameters, 
...>- Using thc daily tiles  the observaLions are too latc  at the  analysis cerlfcrs available  for 
the generation of "ncar real time" products, e-g., ''ultra rapid orbits" and troposphcrc 
partlmeLers. Thcrcforc, cu~~en t ly  a subset of he  IGS stations submits hourly RINEX 
observation files additionally to the daily files. Each  observation of soch  sites will be 
transmitted  twice  wi,thin the IGS data flow. U it is possible  to  concatenate successfully 
thc hourly files  to  a  daily one, the daily file Lransfer may be  cancelled. Such a procedure 
would benefit  from thc more  stable  transfer of small. data riles and from thc availability 
of the daily filcs immediatcly after the  completeness of the 24 files of a day at lhc data 
centers. However, it ha9 LO be demonstrated  that thc "original" d d y  files  and  the 
concatenated  hourly files include  exaclly the same observations and site infonnation. 

Requirements of Hourly Files 

The daily U E X  files may be replaced by the concatenated howly files if those 
f ~ l r i l l  the rollowing requirements: 

- All 24 hourly  files  have to be avdablc at thc data  ccntcr. - The information of the fde header have to bc  identical to that of thc original daily tile. - The  observations  havc to bc loggcd  continuously and must nol  producc jumps at  thc 
one hour boundaries, 
The phase  obsemations of  each  hourly f ie  must not be reduccd to small numcricd 
numbers (as some RINEX conversion programs did in rhc past). - All digits of lhe numerical data Gelds have to be identicd to that of Lhe orj,ginal. d d y  
rile in order lo guarantee  the  same  results  from  the analysis of the two differcnt  filc 
types. 

A comparison belween thc  daily and the concatenated hourly files for a limited  period of 
rimc may show h e  achievement of all the requi.rements. 



Comparison  between Daily and  Concatenated Hourly Files 

In  order to remove  computer  specific  differences  between the two  files the full 
ASCII RINEiX files  have  to  be  reconstructed  from the “Compact RINEX, format  and 
from  the  compressed  files  (assuming  *D.Z  files  in  the  data  base). A character  by  character 
comparison  as  performed  by  some  commands  of  the  computer  operating  systems  (e.g.,  the 
Unix command “ , i f f 7 )  may  not be used,  because  some  differences  are  unavoidable , e.g., 
different file creation  dates  or  acceptable,  e.g.,  a blank  string  is  used  instead  of  a  leading 
zero.  We  have to read  each RINEX file  following  the  format  definition  and  may  then 
compare the content  of  each  data  field. BKG  uses the program ‘RNXDIFF” for  such  a 
comparison. 

The Program RNXDIFF’ 

The  program  RNXDIFF  makes  use  of  subroutines of the  Bernese  GPS  Software 
to  get the content of each  data  field  and  successively  compares  the  fields  of  the  daily  files 
with  that  of  the  concatenated  hourly  files,  For  each  field  a so called “error  code”  is deEned 
which is  set  to  “1”  in the case of  an  acceptable  difference  and to “9” in the case  of an 
unacceptable  difference.  The  error  codes  remain “0” if no  differences are  detected. The 
sum  of the error  codes  of all data  fields  is  called  “quality  code”  of the file and is given  in 
the daily summary files  of  RNXDIFF  and  in  a  plot  file as station  specific  time  series, too. 

Table  1  shows the RNXDIFF  summary  file  of  the  station  WTZR  for  the  day  of  year  155, 
2000. The  head  of  this file includes  a  list of the data  fields  that are compared  and the 
definition  of  the  corresponding  error  codes  1  or 9. In  the  comparison  shown  in  Table 1 
there  were  differences  in  two  types  of  data  fields  detected,  namely  the  “signal  noise  ratio” 
and the  “epoch”  fields.  Different  signal  noise  ratios  were  detected  in 11 observations. 
Because this type  of  data  field  has the error  code  1  the  quality  code  for  the  file  has  been 
increased  by 1. The  last  epoch  was  missing  in  one  of  the  files  compared.  One  missing 
epoch may be  accepted  and  we  defined  the  error  code  as  1  for  this  case.  However, if more 
that  one  different  epochs  would  be  detected  the  corresponding  error  code  will  be  set  to 9. 
In the summary file of Table  1 the quality  code  was  increased by 1 because  of the different 
epoch  that was detected.  After  taking  into  account  all  types  of  data  fields  the  quality  code 
results  to 2 as  given  in  the  last  line  of  the  summary lile and  also  indicated  in the file name 
WTZR1552.00S.  Following  the  definitions  of the quality  code  we may conclude  that the 
concatenated  hourly  files may replace  the  daily  files, if the quality  code  is  smaller  than 9. 

Figure 1 shows  all  quality  codes  of  the  station WTZR as  computed  from 
RNXDIFF  for the period  April,  12  to  June 5 ,  2000. 94 % of the  quality  codes are smaller 
than 9 and allow the interpretation  that the hourly  files  of  the  station  WTZR  may be 
concatenated  with  such  reliability. 
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COMPARSION OF 2 RINEX  OBSERVATION F I L E S  
"""""~"""""""""""""" 

04-JUN- 0 1 9 ~ 4 8  

I G S  DATA CENTER 
BKG , FRANKFURT 

RINEX F I L E  1 : WTZR1550 .000  
RINEX F I L E  2 : WTZR155C.000 

CHECKED FOR: 

RINEX FORMAT VERSION  19 
SATELLITE SYSTEM  TYPE 19  
S I T E  NAME 19 
S I T E  NUMBER 19 
OBSERVER I 1  
AGENCY 11 
RECEIVER NUMBER 19 
RECEIVER  TYPE  19 
RECEIVER FIRMWARE 19 
ANTENNA NUMBER 19 
ANTENNA TYPE 19 
ANTENNA ECCENTRICITY 19 
NUMBER OF  OBSERVATION  TYPES 19 
OBSERVATION  EPOCHS 19 
NUMBER O F  SATELLITES  IN  EPOCHS 19 
OBSERVATIONS 19 
SIGNAL  NOISE  RATIO I 1  
LOSS  OF LOCK INDICATOR I 1  

RINEXVER 
SATSYS 
SITENAME 
STANUMBER 
OBSERVER 
AGENCY 
RECUNIT 
RECTYPE 
RECVERS 
ANTNUMBER 
ANTTYPE 
ANTECCENT 
NUMOBSTYP 
EPOCH 
NUMSATEPO 
OBSEPO 
SIGNAL 
L L I  

SIGNAL 
SIGNAL 
SIGNAL 
SIGNAL 
SIGNAL 
SIGNAL 
SIGNAL 
SIGNAL 
SIGNAL 
S I GNAL 
SIGNAL 
EPOCH 

: ( 0 : 4 7 : 3 0 . 0 0 0 )  
: ( 1 : 4 0 :  . O O O )  
: ( 5 :24 :  . O O O )  
: ( 5 : 4 6 :  . O O O )  
: ( 1 2 : 3 1 : 3 0 . 0 0 0 )  
: ( 1 3 : 4 5 :  . O O O )  
: ( 1 7 : 4 4 :  . O O O )  
: ( 2 2 :  4 : 3 0 . 0 0 0 )  
: ( 2 2 : 5 7 : 3 0 . 0 0 0 )  
: ( 2 3  : 3 7  : 3 0 . 0 0 0 )  
: ( 2 3 : 5 0 :  . O O O )  
: ( 2 3  : 5 9  : 3 0 . 0 0 0 )  

SIGNAL  NOISE  RATIO 
SIGNAL  NOISE  RATIO 
SIGNAL  NOISE  RATIO 
SIGNAL  NOISE  RATIO 
SIGNAL  NOISE  RATIO 
SIGNAL  NOISE  RATIO 
SIGNAL  NOISE  RATIO 
SIGNAL  NOISE  RATIO 
SIGNAL  NOISE  RATIO 
SIGNAL  NOISE  RATIO 
SIGNAL  NOISE  RATIO 
DIFFERENT EPOCH 

SUMMARY : 

EPOCHS F I L E  1: 2 8 8 0  
EPOCHS F I L E  2 : 2879 

COMPARISON  QUALITY  CODE: 
(O=NO  DIFFERENCE,  1-8zNEGLIGIBLE  DIFFERENCE,  9ZFATAL  DIFFERENCE) 
2 

Table 1: RNXDIFF Summary File WTZR1552.00S 
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"loss of lock  indicator (LLT)" md the "signal 10 noise ratio" data fields. Tablc 2 shows m 
cxample for such type of diffcrcnce. The GPS satellites SVN numbcrs 29 and 30 came 
up ;1s new satel.lircs in the cpoch given in Table 2. Whcrcas  the original dAJy KINEX 
liles shows an LLI and signal to noise ratio of I, thse data field5 are left blank in the 
original  concatcnaled file. The differencc seems to be caused by  the RTNEX 
concalenahon program and will probably not affect  the analysis rcsults. It has to be 
discussed  whethcr  such  diffcrcnces may be accepted. In this case h e  percentage of files 
showing  djffcrcnces in Figure 3 would be much  smaller. 

Next Steps 

Respond to uscr input: 

"I have been using hourly dala lor some timc and they do have quality 
control problem. here  are cormptcd files, files that have duplicated 
hcaders, cddis server down, and individual site delay in posting data." 

"A1 he  moment wc have only some small remarks: chta archives: 
1 - With the growing  number of hourly sites a huge numbcr of enlries wilI be in thc d d y  

directories. We would propose to insert  hourly  sub-dkcctorics. This has the dvantagc 
that you will  have not have long lisls from ftp if you want to get only thc last 'I or 2 
horns of data. So our procadures will spccd up (every minutc counls). At the  momcnt 
only BKG has hourly  subdirectories. Whal we would Like to see is at Ieast n unification 
between dl data centers. 

2, It is a problem to mirror the hourly d a h  between c.g. CDDIS and XGN wilhoul 
loosing valuable tirnc. In case of a failurc in one data ccntcr no immediatc switch 10 
another center is possible without loosing data. One  solution may be that cach  site  send 
its dab to both data  centers any time. Important  at least is that all sires automatically 
switch co mother  data center if they cannot put corrccdy  their  data to the chosen data 
ccnter. 

3. flagging of bad sites 
RZNEX: There could bc one log-file wcre bad RINEX files are listed. Thc  list could 
contain infwmations of h e  problcms (some kind of descriptors), c.g. gap in the data 
(from ionospheric problems), too fcw satellites, LOO many  cycle slips, too much 
multipath, too fcw obs in low clcvahms,  etc. .These information can in principle 
extractcd from the qualily riles. 

SLNEX: A list of problematic sitcs could be cxaacted. 

4 1  this information  arc  principle  available  already now. However not all customers and 
sites will have scripts which  monitor all informations. An extract in onc table (updatcd 
daily, wcekly), me mblc per year /per month or per week will. help to gcl a better 
ovcrview." 



M 004 

RINEX provider  (dcfincd  hcrc as thc responsible party who determi.nes the useability of 
thc RINEX data)  should  have  final "say" in whether  a data centcr further "upstream" 
shnuId concatenate hourly files  for a  particular sitc on a particular  day. 

Some sitcs arc providing hourly dab in a such a way  that the hourly EUNEX is not 
exactly equivalent to what would be  reprcscntcd in a daily file ... Is d a b  normal pointed L o  
30s usi,ng an hour of data will likely  rcsalr in slightly differen1 results,  especially  on  the 
period's bourrdary. Rc-normal-pointing the 1s data to  form a daily 30s product will 
likely  result in fewcr disconrinuiriies at h e  hour boundary that thc concatcnawd filc. Pure 
decimation of thc  rcccivcr  data  would  solve a portion of this  problcrn, but wilh a possible 
increasc in data noise. 

Consistent hourly data availability from sites contributing hourly  data is also 
problematic.  Sequencing of dam, delays i n  transmission, parrial hourly files (which m3y 
be desirable in thc daily file but not in an hourly file) dl contribute to problems  that 
make thc qucstion of whether  hourly  data  concatenation at the IGS global 
data ccnccr level, higb1.y questionablc. 

Perhaps if the I.ower lcvcl dara centers could wansmit a dummy file indicating h a t  a local 
comparison  (hourly  concatenation  to  daily file) has been madc and war successful, a 
higher lcvcl  concatenation  could he perfo rmed. . .  but whal  happens  when thc GDC 
p e r b n s  an adequacy tesl and determincs  that  there are filcs which are missing or 
corrupt'? a mcssage back saying please resend ccrtain  liles/hours? If thc OK message 
from ~e local ddta  centcr included the filcnameslsizeslcrc? of the transmitted hourly daca 
filcs, this task might no1 be SO onerous. Inter data celmr cqualimtion mechanisms would 
assist in this proccss. 

This rcscarch was carried out at the Jet  Propulsion  Laboratory,  California Tnstitutc of 
Tcchnology, undcr  a conuact with the Nalional Aeronautics and Space Adrninstration. 



Figure 2: Relir 



Figure 3: Error  Frequency  from RNXDIFF 



Original  Daily  File 

2 OBSERVATION DATA G (GPS)  RINEX  VERSION / TYPE 
:PS-DATA V e r  1 . 0 8  PGM / RUN  BY / DATE 

10 6 5 0 5 6   3 0 . 0 0 0 0 0 0 0  0 9G02G05G07G09G21G23G26G29G30 
. . .  

2 4 4 9 1 2 7 2 . 7 2 8 0 5   2 4 4 9 1 2 7 7 . 6 0 4 0 5   3 7 9 3 9 0 8 . 1 6 5 0 5   3 0 7 6 2 9 2 . 7 5 8 0 5   - 3 2 5 5 . 0 0 1  

2 3 1 8 . 1 7 4  2 2 1 1 4 5 4 4 . 7 4 5 0 8   2 2 1 1 4 5 5 0 . 2 3 1 0 8   - 1 4 8 1 4 4 5 2 . 1 3 7 0 8   - 1 1 3 5 9 1 8 8 . 9 4 7 0 8  
- 2 5 3 6 . 3 6 6  

1 8 0 6 . 3 6 6  
2 2 3 8 0 1 3 8 . 8 3 0 0 8   2 2 3 8 0 1 4 4 . 0 8 1 0 8   - 1 0 4 1 2 7 0 7 . 0 3 8 0 8   - 7 9 6 5 7 4 7 . 0 2 4 0 8   - 8 5 8 . 6 8 7  

2 0 4 0 8 2 9 7 . 1 4 3 0 9   2 0 4 0 8 3 0 1 . 4 3 3 0 9   - 2 0 4 3 0 4 5 4 . 8 8 7 0 9   - 1 4 7 7 7 5 5 3 . 8 0 7 0 9  
- 6 6 9   . l o 7  

2 1 4 . 0 2 2  
1 6 6 . 7 7 1  

2 3 6 . 1 4 5  
2 4 1 8 9 9 3 1 . 9 6 3 0 5   2 4 1 8 9 9 3 8 . 5 5 1 0 5   - 5 7 1 8 7 4 2 . 2 4 4 0 5   - 4 3 2 1 4 3 8 . 6 0 0 0 5   3 0 3 . 0 6 4  

23466415 .78105   23466422 .12306   -7157669 .21606   -5420564 .84006   -1972 .672  
-1537 .149  

21990865 .10009   21990870 .04709   -5776160 .90809   -4352051 .79909   -3197 .496  
- 2 4 9 1 . 5 5 5  

. o o o  

. o o o  

2 4 9 1 4 8 9 2 . 4 1 5 0 5  . 0 0 0 0 1  - 5 1 3 4 1 . 9 1 5 0 1  . 0 0 0 1 1  3 0 1 9 . 1 2 5  

2 5 4 7 7 6 7 3 . 8 3 4 0 4  . O O O O l  - 5 4 5 1 2 . 5 7 7 0 1  . O O O l l  3 2 0 6 . 2 7 0  

Concatenated  Hourly  Files 

2 OBSERVATION DATA G (GPS)  RINEX  VERSION / TYPE 
3CRINEXO V2 .2 .2  UX BKG, Frankfur t /M.  06-JUN- 0 0 3 : 2 5  PGM / RUN  BY / DATE 
:oncatenate RINEX hourly f i les COMMENT 
XRINEXO V 2 . 3 . 0  UX LPT 05-JUN-00  03:04 COMMENT 

COMMENT 
SPS-DATA  VER 1 . 0 8  COMMENT 
. . .  
- 2 4 8 2 . 7 6 6  

0 6 5 0 5 6   3 0 . 0 0 0 0 0 0 0  0 9 02   05   07   09   21   23   26   29   30  
2 4 4 9 1 2 7 2 . 7 2 8  5 2 4 4 9 1 2 7 7 . 6 0 4  5 3 7 9 3 9 0 8 . 1 6 5  5 3 0 7 6 2 9 2 . 7 5 8  5 - 3 2 5 5 . 0 0 1  

2 3 1 8 . 1 7 4  2 2 1 1 4 5 4 4 . 7 4 5  8 2 2 1 1 4 5 5 0 . 2 3 1  8 -14814452 .137  8 -11359188 .947  8 
-2536 .366  

1 8 0 6 . 3 6 6  
22380138 .830  8 2 2 3 8 0 1 4 4 . 0 8 1  8 -10412707 .038  8 -7965747 .024  8 - 8 5 8 . 6 8 7  

2 0 4 0 8 2 9 7 . 1 4 3  9 2 0 4 0 8 3 0 1 . 4 3 3  9 -20430454 .887  9 -14777553 .807  9 
- 6 6 9 . 1 0 7  

2 1 4 . 0 2 2  
1 6 6 . 7 7 1  

2 3 6 . 1 4 5  
2 4 1 8 9 9 3 1 . 9 6 3  5 2 4 1 8 9 9 3 8 . 5 5 1  5 -5718742 .244  5 -4321438 .600  5 3 0 3 . 0 6 4  

2 3 4 6 6 4 1 5 . 7 8 1  5 2 3 4 6 6 4 2 2 . 1 2 3  6 -7157669 .216  6 - 5 4 2 0 5 6 4 . 8 4 0  6 - 1 9 7 2 . 6 7 2  
-1537 .149  

21990865 .100  9 2 1 9 9 0 8 7 0 . 0 4 7  9 -5776160 .908  9 -4352051 .799  9 -3197 .496  

2 4 9 1 4 8 9 2 . 4 1 5  5 

2 5 4 7 7 6 7 3 . 8 3 4  4 -54512 .577  1 3 2 0 6 . 2 7 0  

- 2 4 9 1 . 5 5 5  
-51341 .915  1 3 0 1 9 . 1 2 5  

Table 2: Detected  Difference for Station ZIMM 


